We banded 29 adult females, 2 juveniles, and 1 adult male from a maternity colony of Indiana bats (Myotis sodalis) during 1995-1998. Four banded bats were later found hibernating in caves that were separated by Յ325 km, indicating that all members of a summer colony do not hibernate or mate in the same location. We recaptured 41% of adult females (12 bats) near the initial banding site in later years, and because of this strong interannual fidelity, we recommend that resource managers reevaluate policies that allow removal of roost trees during winter. Eleven of these 12 females were radiotracked initially, but all were reproductively active and had normal body masses in subsequent years, suggesting negligible, long-term effects of the radiotracking process.
The Indiana bat (Myotis sodalis) is a small (7-10 g), insectivorous species that lives only in the eastern United States (Thomson 1982) . The species was declared endangered in the United States in 1967, under the Endangered Species Preservation Act of 1966, because of large decreases in population size and an apparent lack of critical habitat in winter (Clawson 1987; United States Fish and Wildlife Service 1983, 1999) . The original recovery plan for this species stressed prevention of disturbance during hibernation, but despite current protection of all major hibernacula, the species continues to decline in number. The ongoing decline, despite protection in winter, suggests that this species has significant problems on its summer range (United States Fish and Wildlife Service 1999) . In spring, these bats disperse from hibernacula and migrate to summer quarters, primarily in Michigan, Ohio, Indiana, Illinois, and Missouri. There, the bats form maternity colonies and typically seek shelter under-* Correspondent: biokurta@online.emich.edu neath the loose bark of dead trees (Callahan et al. 1997; Kurta et al. 1996, in press ).
In 1995, we began studying the behavior of a maternity colony of Indiana bats (Յ31 adults in any 1 year) in southern Lower Michigan, on the northern edge of the species' summer range (Kurta et al., in press) . During this project, we used radio tracking to locate roost trees, and we also banded many individuals for later recognition. We banded for 3 reasons. First, we wanted to determine what proportion of bats, if any, returned to the same site every summer because predictable presence is necessary for successful management. Our 2nd objective was to discover where bats from a particular summer colony spent the winter because long-term management of migratory populations must incorporate both winter and summer habitats. Finally, we wanted to ascertain whether radiotracking, a standard technique for studying the ecology of small bats (Barclay and Brigham 1996) , had any long-term, adverse effects on Indiana bats.
MATERIALS AND METHODS
The study site was a fragmented agricultural landscape along a 10-km stretch of the River Raisin, on the border of Jackson and Washtenaw counties, Michigan (Kurta et al., in press; Murray 1999) . Fieldwork occurred yearly between 25 May and 10 August during 1995-1998 and 2000 . Indiana bats were initially captured in mist nets that were positioned next to roost trees or across foraging or commuting corridors. After capture, most bats were weighed and fitted with a miniature radio transmitter (Holohil Systems, Ltd., Carp, Ontario, Canada). We trimmed fur in the interscapular region and attached the transmitter, using a surgical adhesive (Skin-Bond Cement, Smith and Nephew United, Inc., Largo, Florida). Transmitters weighed 0.48-0.68 g or 8 Ϯ 0.3% (SE; n ϭ 10) of body mass for lactating females and 7.9 Ϯ 0.3% (n ϭ 17) for pregnant bats. Transmitters typically detached after 4-10 days (Kurta et al., in press) .
Most bats were also banded. We used lipped bands (2.9-mm gap; Lambournes, Ltd., Leominster, United Kingdom) stamped with a unique 4-digit number and the identifying letters EMU, YPSI, and MI-a reference to our university, city, and state, respectively. The number of Indiana bats that were captured was purposely kept low to minimize disturbance. We typically captured bats only once every 1-2 weeks, although netting occurred on only 4 nights in 2000.
RESULTS
We banded 34 Indiana bats: 9 in 1995, 9 in 1996, 9 in 1997, 5 in 1998, and 2 in 2000. One bat from 1995 was an adult male, and 2 bats banded in 1998 were newly volant juveniles. All others were adult females.
Recaptures in subsequent summers.-Two adult females banded in 2000 were excluded from the analysis of summer recoveries because there was no opportunity to recapture them. Although the juveniles and adult male were not recaptured in summer, 12 of 29 (41%) adult females banded between 1995 and 1998 were caught in subsequent years. Eight females were recaptured only in the summer after banding, 1 was caught 2 years later, and 1 was recovered 3 years afterward. In addition, 1 bat was banded in 1996 and captured again 1, 2, and 4 years later, and another was marked in 1997 and recaptured after 1 and 3 years.
Eleven of the 12 were pregnant, lactating, or postlactating when originally banded, and all were pregnant or lactating upon recapture. The body masses of recaptured bats were similar to the masses of bats in the same reproductive condition at initial capture. Lactating bats weighed 7.6 Ϯ 0.3 g (n ϭ 10) at initial capture and 7.2 Ϯ 0.2 g (n ϭ 5) upon recapture (t ϭ 1.31; P ϭ 0.22). Pregnant bats weighed 8.1 Ϯ 0.2 g initially (n ϭ 17) and 8.4 Ϯ 0.1 g when recaptured (n ϭ 9; t ϭ 0.58; P ϭ 0.57).
The distance from location of original capture to closest site of recapture was 1.9 Ϯ 0.7 km (median ϭ 0.75 km; n ϭ 12). Five bats were recaptured at the site of initial capture-3 at a roost tree and 2 along a wooded fence line used as a commuting corridor (Murray 1999 ). The distance between sites of initial capture and subsequent recapture for the others ranged from about 0.7 to 7.2 km. All recaptures were within the known home range of this colony (Kurta et al., in press; Murray 1999) .
Recaptures in hibernation.-Four of the 34 bats (12%), all adults, were later found in hibernation by members of the Indiana Bat Recovery Team (Fig. 1) . A male was banded on 15 June 1995 and recaptured in Ray's Cave, Greene Co., Indiana, on 3 February 2001. One female was captured as she left a roost on 3 July 1996 and was found hibernating in Bat Cave, Carter Caves State Park, Carter Co., Kentucky, on 28 January 1997. A 2nd female was banded originally on 24 June 1997 and discovered in Batwing Cave, Crawford Co., Indiana, on 21 January 1999. We initially caught the 3rd female leaving a roost on 5 July 1998, and she eventually was found in Waterfall Cave, Rockcastle Co., Kentucky, on 1 October 1999. Both bats that hibernated in Kentucky were also recaptured in Michigan in later summers. Migration distance was approximately 410, 424, 472, and 532 km, respectively, for the 4 bats, or an average of 460 Ϯ 28 km. The distance between these Effect of carrying transmitters.-Eleven of 12 females recaptured in Michigan carried a transmitter after initial banding. Upon recapture, 1 had a bald patch in the interscapular region where the transmitter had been glued, although skin appeared normal, with no scar tissue or other evidence of trauma. This bat was originally caught on 7 July 1995 and showed no signs of reproduction, but she was lactating when recaptured on 25 July 1996. Another female had hairs at the site of attachment that were slightly shorter than the surrounding hairs, when recaptured. She was radiotracked beginning on 1 August 1996 and netted again on 19 June and 3 July 1997, when she was pregnant. Hairs at the site of attachment in a 3rd bat actually were longer than the adjacent hairs when she was recaught the season after radiotracking. In the other 9 bats, including a bat that had been radiotracked in 3 different years and 1 that had been tracked in 2 separate years, dorsal fur appeared normal upon final recapture.
DISCUSSION
Several species of North American bat show high fidelity to maternity roosts, but banding studies typically concentrate on bats living in caves or buildings (Barbour and Davis 1969) . This bias partly reflects the often larger colony size of species that use such roosts and the ease with which biologists initially find them. In addition, trees are ephemeral and may disappear (fall over or lose bark) within or between seasons, making it difficult to relocate and recapture marked animals. Previous reports of interyear recaptures of banded bats that roost in trees in North America are largely anecdotal (e.g., Foster and Kurta 1999) .
Earlier studies of maternity colonies of Indiana bats did not include banding (Kurta et al. 1993a (Kurta et al. , 1993b (Kurta et al. , 1996 or workers did not report number of bats banded, recaptured, or both (Callahan et al. 1997; Clark et al. 1987; Humphrey et al. 1977) . Before our study, the only specific mention of an adult female Indiana bat returning to her maternity area was an individual banded in southern Illinois by Gardner et al. (1996) in 1987 and recaptured in 1988. Our multiyear study indicated that adult female Indiana bats roosting in trees were faithful to their summer maternity grounds and returned from hibernation sites that were Յ532 km away. Despite limited attempts to capture bats, we recovered 41% of adult females, and about half were caught at the same location in subsequent years.
Although the sample was small, approximately 12% of our bats were recaptured during hibernation. Previously, mass banding had been done at hibernacula where In-diana bats gathered in colonies containing up to 100,000 animals (Thomson 1982; United States Fish and Wildlife Service 1999) . Despite the placement of thousands of bands, few animals (Ͻ1%) were recovered in summer (Barbour and Davis 1969; Davis 1964; Kurta 1980) . Our results indicate that selective banding in summer may be more efficient for documenting relationships among hibernacula and maternity roosts than mass banding during hibernation. Indiana bats banded in hibernation disperse in spring to cryptic roosting sites (loose bark), making them difficult to locate and capture and impossible to observe while roosting. Bats banded in summer, in contrast, spend the winter concentrated in caves and mines that are few in number, relatively easy to locate, and reasonably accessible to biologists.
In the last 15 years, radiotracking has become a common method of studying the ecology of small bats (e.g., Barclay and Brigham 1996) , but potential effects of the radiotracking process on bats in subsequent years have not been investigated. In our study, radiotracked bats were pregnant or lactating when recaptured, indicating that the use of transmitters did not prevent successful migration, mating, hibernation, conception, and parturition. Attachment of transmitters using a surgical adhesive, however, interfered with regrowth of hair in some individuals, but whether such effects were permanent or restricted to the molt immediately after radiotracking is unknown. Both affected bats were radiotracked during July and August, when molting presumably occurs (Barbour and Davis 1969) , and both possibly underwent a normal molt the following year, i.e., later in the summer during which they were recaptured.
If growth of hair were permanently impaired, it could affect the bat's energy budget and, ultimately, impact lifetime reproductive success. Reproductive ability and body mass, however, did not seem affected, suggesting that effects, if any, of a bald spot or shorter hairs were minor. We tentatively conclude that the long-term impacts of carrying a transmitter are minimal, and we recommend that experienced biologists cautiously continue to use transmitters with Indiana bats and other small species because the value of information to be gained seems to outweigh the risk.
The members of a maternity colony of Indiana bats typically roost in 10-20 trees each summer (Callahan et al. 1997; Kurta et al. 1996, in press ). Although some colonies use trees that are 8-9 km apart (Kurta et al., in press ), other Indiana bats restrict roosting to an area of only a few hectares (Kurta et al. 1996) . To make way for new highways, bridges, shopping malls, and other types of construction, resource agencies often allow developers to cut potential roost trees, while Indiana bats are in hibernation, thus eliminating direct harm to the bats (M. DeCapita, pers. comm.). Given the loyalty of these bats to individual trees and the general maternity area, we recommend that resource personnel severely limit this practice. Destruction of many roost trees in a small area could be devastating when these bats faithfully return the following spring and are unable to locate suitable roosts. Indiana bats returning to Michigan, for example, presumably are energetically stressed after 7 months of hibernation and a long migration (Ͼ400 km); they arrive in May, already pregnant, and at a time when cool, wet weather limits the abundance of flying insects (Humphrey et al. 1977; Kurta et al. 1996; Murray 1999) . The lack of roosts could greatly increase thermoregulatory costs for individuals and potentially disrupt the social bonds of a colony.
Our data raise 3 further points with management implications. First, not all members of a maternity colony hibernate in the same cave. Indiana bats are prone to largescale mortality during hibernation because they form large colonies; hundreds or thousands have been killed by unpredictable events such as freezing, floods, ceiling collapse, and vandalism (Hall 1962; United States Fish and Wildlife Service 1999) . Nevertheless, our study indicates that catastrophic losses occurring in a single hibernaculum may not eliminate a local maternity colony. Similarly, if pesticides or other factors are harming bats in summer (United States Fish and Wildlife Service 1999) , the resultant declines may not be restricted to a single hibernaculum. This is important because the population size of Indiana bats is monitored at 13 ''Priority One'' hibernacula (United States Fish and Wildlife Service 1999) . Finally, because copulation occurs at hibernacula during autumn swarming (Barbour and Davis 1969) , genetic diversity within a particular maternity colony should be greater than if all Indiana bats from the summer colony hibernated and mated at the same site.
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